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Japanese Patent Laid-Open Publication No. B.isei 9-6205 

[TITLE OF THE INVENTION) 
RES IN- ENCAPSULATED SEMICONDUCTOR C£V:C£ 

•CLAIMS J 

1- A resir.-encapsuiated sem.icc.-.ductcr device jsjl.-.c 
a lead frame which is shaped ir. acccrdar.ee wi-_h a two-step 
etching process to a body wherein a thickness c: i-.-.er 
leaos is less than that of the lead frame clank, 
. r. r : 

i-.-.er leads having the thickness less - : - a - -- £ - cf ., e 
lead frame blank; and 

terminal columns integrally connected ts the inner 
leads and having the sane thickness with the lead frame 
clank, the terminal columns possessing a cciumn-shaped 
configuration which is adapted to be electrically connected 
to an external circuit, the ' terminal columns being disposed 
outside of the inner leads in a manner such that they are 
coupled to the inner leads in a direction orthogonal to the 
thickness-wise direction thereof, the terminal columns 
having terminal portions arranged on top ends thereof, the 
terminal portions being made of solders, etc. and exposed 
ro the outside beyond a resin encapsulate, each inner lead 
possessing a rectangular cross-section and having four 
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surface c« 



surfaces incl"cina a f*- S z 

s c - e ' a second 

third surface and a fourth surfac- --a *-~e- 
f-ushed with one surface of a remaining =o:tic- 
inner lead having the sane thickness with -.he lead 
blank while being opposed to the second surface, and ea 
of the third and fourth surfaces having a concave sha 
depressed toward the inside of the inner lead. 

2. A resin-encapsulated semiconductor device usir 
a lead frame which is shaped in accordance with a two-ste 
etching process to a body wherein a thickness of inne 

leads is less than --a- - * r 

c " w " — • ie " frame blank 

comprising : 

inner leads having the thickness less than that of the 
lead frame blank; and ■( 

terminal columns integrally connected to the inner 
leads and having the same thickness with the lead frame 
blank, the terminal columns possessing- a column-shaped 
configuration which is adapted to be electrically connected 
to an external circuit, the terminal columns being disposed 
outside of the inner leads in a manner such that they are 
coupled to the inner leads in a direction orthogonal to the 
thickness-wise direction thereof, portions of top ends of 
the terminal columns being exposed to the outside beyond a 
resin encapsulate, each inner lead possessing a rectangular 
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cross-section and having fo . Jr s , rfaces i.,,,,,,^ . ^ 

surface, a second surface, a third surface and a ' 

surface, the first surface beinu flushed with c.-.e surra ce 
cf a remaining portion of the inner lead having the sa.-.e 
thickness with the lead frame clank. while bei.-.c cpccsed t: 

the second surface, and each cf the t.-.irc and ' - 

surfaces having a concave shape depressed toward the inside 
cf the inner lead. 

3- The resin-encapsulated £e -i cr device as 
claimed in claims 1 or 2, wherein a semiconductor chip is 
received inward of the inner leads, and electrodes of the 
semiconductor chip are electrically connected to the inner 
leads through wires, respectively. 

<• The resin-encapsulated semiconductor device as 
claimed in claim 3, wherein the lead frame has a die pad, 
sr.d the semiconductor chip is mounted onte the die pad. 

5. The resin-encapsulated semiconductor device as 
claimed in claim 3, wherein the lead frame does not have a 
die pad, and the semiconductor chip i s fastened to the 
inner leads using a reinforcing fastener tape. 



The resin-encapsulated semiconductor device 
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clawed in claims 2 or 2, where:, the semiconductor ch.c 
fastened by .ear.s of Insulating adhesive rc t , e 
surfaces of the inner leads on cne surface thereof : , 
-r.e electrodes are located, and the electrcces =f -_, 
semiconductor chip are electrically .connected tc :he fjc- 
surfaces of the inner leads through wires, resoect :vel v. 



7. 



The resin-encapsulated semiconductor devi- as 
clawed in claims 1 or 2, wherein the semiconductor chio is 
fastened to the second surfaces of the ,nner ie.cs by dumps 
--hereby to be electrically connected to the inner leads. 

(DETAILED DESCRIPTION OF THE INVENTION: 
(FIELD OF THE INVENTION J 

The present invention relates to a reS in- 
e.,=a ? sulated semiconductor device capable of meeting th . 
retirement for an increase in the number of terminals and 
resolving problems which are caused in association with 
position shift and coplanarity of an outer lead. 

(DESCRIPTION OF THE PRIOR ART J 

"G. 15(a) shows the configuration of a generally 
known resin-encapsulated semiconductor device (a plastic 
lead frame package,. The shown resin-encapsulated 

semiconductor device includes a die pad 1511 having a 
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-.our.ri.-.g the 



:21, is 



semiconductor chip 1520 ,o^c thereon, outer - s 
^ - electrically connected re the .„o Ci . 5 .- 

ianer I84£S 1512 fCimed ^-'ally with the outer ^ 

- = 12. Swr.di.-.g wires 1530 for electrically = 

tics of the inner leads 1512 to the ocnt:. pal :^: ^ 
semtccr.ductcr chip -20, a,, . res;n 

ser.iccrc-.ctcr chip 1520 to prctect the semiconduc- ./.J! 

i52? eXtfirnaI S "ntaminants. This restr- 

encapsulated semiconductor device, afte 
se-i=crdu=t=r c ,, p ^ ^ ^ ^ 

-arufactcred by er.capsuiati.-.c se ..-.,„, 

- s e...-wcr.o-jctor ch •' p 1 -20 

°- = ~ e ssncir.o pads 1521 of 

sem.ccr.ductcr chip 2520. 

PIS. 15:b) shows the conf : — - s -- 0 - 

r -- c --°" of a r.orolayer lead 

-Tame used as a, assembly ..ember of the resin-encapsulated 

semiconductor device shown ia F - c. . . 

r--. .5a . such a lead frame 

semiconductor chip. tb . inr . r Ui6s t<> be elec;ricaUy 

connects to th. semiconductor chip. :he ou:er „„ 
which is i„ t ., rai wi:h lBMt , eads isjj ^ _^ ^ 

•i.c-.ric.ly connected to the essocieted circuits. This 
.Iso inciud.e dsn, b ,„ se . vin9 ^ ^ ^ ^ 

«c.p..l«,„. the chip uu , th . re5 , n a 

fr.». 25JS servin, co , upoorc t „. entlre ^ ^ ^ 
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Such a lead frame is formed from a highly 

s«h as a cobalt, 42 ailoy(a C2\ si-Fe eliov< 

allay by a pressing working process cr a- etching crotess 

TZZ. ISibMDj is a cross-sectional view zakt - al= , ? __ a 

line n-~2 of FIG. 15(b) ( -f ) . 

Recently, there has bee- growing demand for t.-.e 
miniaturioaticn and reduction in thickness of resin- 
encaps-jlated semiconductor device employing lead frar.es 
like the lead frame (plastic lead frame package; and the 
increase =f ,he number of terminals cf resin-encapsulated 

semiconductor package as electronic apparatuses 
— - - . - - 



are 



:atjri;ed 



progressively a -- - he c - sgree &f ^ 
integration of semiconductor device increase progressively. 
Thus, recent resin-encapsulated semiconductor package, 
particularly quad plate package -r?s ! and thin quad flat 
packages ,TQr?s, have each a greatly increased number of 
pins. 

Lead frames having inner leads arranged at small 
pitches among lead frames for semiconductor packages are 
fabricated by a photolithographic etching process, while 
lead frames having inner leads arranged at comparatively 
large pitches among lead frames for semiconductor packages 
are fabricated by press working. However, lead frames 
having a large number of fine inner leads to be used for 
forming semiconductor packages having a large number of 
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Pins .... f«bric.t.d by .ub.'.cti.,,- a „!.„„ ef , 

th# ° lder 01 °-" » « Pr.e..,. „„ . „,„ 

working. 

The etching proct „ tz . fi ^ ^ _ 

fir.. inner leads will be described hereinafter ,.tn 
reference to TIC . U. rirst. a ==P?er £: - cy cr 42 ...'^ 
thin sheet of a thickness =n the crder of C.25 « : . ; ea l 
frame blame K10, is cleaned perfectly , F:5 . U fa) , . 

£ photoresist, such as a water- .--..w, e 

~- e - = sern onotcresist 

containing potassium dichrc-*-* *e -« = -•• 

= sc.sitive agent, is 

sprees in photoresist films m -2~ - •*>- - k„ _ . 

..e. .he ma;or surfaces of 



-he thin film £S shown <- riS. 14 



Then, the photoresist fi-.s are exposed, through a 
r-ask of a predetermined pattern, to lig h -_ emitted by a 
high-pressure ,ercury lamp, and the thin sheet is immersed 
ir. a developer for development to for, a patterned 
Photoresist film U30 as , howa 1R r;c „ (c) ^ 

:hin sheet is subjected, when need. be. to a hardening 
process, a washing process and such, and then an etchant 
containing ferric chloride as a principal component is 
sprayed against the thin sheet 1C10 to etch through 
portions of the thin sheet :< i0 not coated with the 
patterned photoresist films 2020 so that inner leads of 
predetermined sizes and shapes are formed as shown in FIG. 
14 (d) . 
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Then, the patterned resist f LlKa are 

Patteraed ^ Sh6et - -she, to cc. ? :ete 

having tne inner leads of desired shapes ££ ^ _ 
r:S. 14 Predetermined areas cf the lead ;-.-„ 

formed by the etching process are silver-clatec. _ 
being washed and dried, an adhesive poiyimide . 

« the inner leads for fixation, predetermined Zl barsT- 

bent, when need be, and the die pad depressed. ^ ... 

-=hing process, the etchant etches the thin sheet , b ~- 
direction cf the th.c.ness and directions 

--• -,e thickness, which lixLzs ^ iaz ^ izazLzz c; ^ 

lt4d ? ^ CheS * l6ad • Since the thin sheet <s 

e--=ned fro, both the maj or surfaces as shown in riG , 4 
^-ing the etching process, i; is said , when ^ ^ ^ 

*« a line-and-soace shape, that the smallest possible 

intervals between the i - n»c . 

-nes are -.he range of 50 to 100% 

«f the thickness of the thin sheet. Fro . the viewpoint of 
forming the outer lead having a sufficient strength, 

generally, the thickness of tNs -hin ,h... • 

.nin sheet must be about 

0.»5 » or ,bove. n,r t h.r.or.. th . ui<!ch of t „, 

-re fcondin,. B .,„ th . etchi „ 9 ^ ^ 

"0. 14 .„ p! o y „ j. f . bMe « in9 , ,.,„ frsne _ a 

« ...d .„„ in „. r , eaas . r . formefi fcy ttehin9 ^ ^ 
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fir.e lips thereof are arranged az a pitch of about : 
nrn.' 

However, recent rr.ir.ietuie resir.-er.capsula: 
serr.iccr.ductcr package requires ::.r.e: leads arrar.red 
pitches ir. the range cf C.12 :; :.15 .t~„ far smaller 
C.lcS .™. When a lead frar.e is fabricated by ?r c:ess:r.: 



thin sheet of a reduced 



:.<r.ess, the strer 



r ■ 



outer leads cf such a lead frar.e is not large enough 
withstand external forces that -ay be applied thereto ; 
the sSzseq^er.z processes including , an assailing proce: 
and a chip mounting process. Accordingly, there is a lim: 
cc the recucticn of the thickness cf the thin sheet t 
enable the fabrication of a -mute lead frame having fir 
leads arranged at very sr.all pitches by etching. 

An etching method previously proposed to over com 
such difficulties subjects, a thin sheet to an etchin 
process to form a lead frame after reducing the thicknes. 
of portions of the thin sheet corresponding to the inne: 
leads of the lead frame by half etching or pressing to forrr 
the fine inner leads by etching without reducing the 
strength of the outer leads. However, problems arise ir. 
accuracy in the subsequent processes when the lead frame is 
formed by etching after reducing the thickness of the 
portions corresponding to the inner leads by pressing; for 
example, the smoothness of the surface of the plated areas 
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^ unsatisfactory, the i.,ner leads cannot be formed 
flat-ess- and a dimensional accuracy required 
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lead frame accurately for bc.-.dtr.g and mcldi.-.u. 
platemakir.g process must be repeated twice making t.-.e lead 
fabricating process intricate. :, e:sc , £C££S£r .. 

repeat a ciatemeking process :w ::e wh „ ,- e :h .. <r5£5 ., 
che portions of the thin sheet corresponding to the tnner 
leads is reduced by half etching before subjecting the thin 
sheet to an etching process fcr forcing the lead frame, 
which also makes the lead frame fabricating process 
hus, this previously proposed etching method 

lead frame 
fabricating processes. 



intricate 



has not yet been applied to practice 



rsi-s.-zcr y.?~zz?.s to be solved £ y 7H£ :NV r Nr:0N; 

Cr. the ether hand, because a pi - ch anicng inn#r 
is made narrow as the number of terminals is increased, it 
is considered important to know whether a problem is caused 
or not in association with position shift or dcplanarity of 
an outer lead when implementing a chip mounting process. 
Accordingly, the present invention has been made in an 
effort to solve cne problems occurring in the related art, 
and an object of the present invention is to provide a 
resin-encapsulated semiconductor device capable of meeting 
the requirement for an increase in the number of terminals 
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and resolving problems which are caused in £ssoc . 
position shift and topianaricy c: a- outer lead. 

•XSAXS FCS SOLVING 7 HZ SUBJECT NATTERS' 

According to one aspect ;f ;.-.e present 
there is provided a resin-encapsulated semico.nduc: 
-sing a lead frame which is shaped 'in acccrdan: 
two-step etching process to a body wherein a thi 
inner leads is less than that =f -.he lead frar 
oomprising: inner leads having the thickness less 
= f the lead frame blank; and terr.inal columns i: 
connected to the inner leads and having the same : 
with the lead frame blank, the ter.Ti.nai columns pc 
a column-shaped configuration which is adapted 
electrically connected to an external circuit, the 
columns being disposed outside of the inner leac 
manner such that they are coupled to the inner lea 
direction orthogonal to the thickness-wise di 
thereof, the terminal columns having terminal p 
arranged on top ends thereof, the terminal portion: 
made of solders, etc. and exposed to the outside b< 
resin encapsulate, outer surfaces of the terminal c 
also being exposed to the outside beyond the 
encapsulate, each inner lead possessing a recta 
cross-section and having four surfaces including a 
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surface, a second surface, a third surface ar.d a :o_ 
•surface, the firs: surface be::: flushed witr. one surf 
cf a rer.c.ning portion of tne inner lead havi-s the s 

thickness with the lead frame clan.-: wr-'c 

the secor.z surface, and each cf the third ar.d re- 
surfaces having a concave shape depressed —ward the ins: 
cf the inner lead. 

According to another aspect of the present inventic 
there is provided a resin-encapsulated semiconductor cev: 
using a lead frame which is <r.apez in accordance with 
twe-step etching process to a body wherein a thickness 
inner leads is less than that cf the lead frame blani 
comprising: inner leads having the thickness less than the 
of the lead frame blank; and terminal columns integral! 
connected to the inner leads and having the same thicknes 
with the lead frame blank, the terminal columns possessor. 
a column-shaped configuration which is adapted to b 
electrically connected to an external circuit, the termina: 
columns being disposed outside of the inner leads in c 
manner such that they are coupled to the inner leads in c 
direction orthogonal to the thickness-wise direction 
thereof, portions of top ends cf the terminal columns being 
exposed to the outside beyond a resin encapsulate, outer 
surfaces of the terminal columns also being exposed to the 
outside beyond the resin encapsulate, each inner lead 
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possessing a rectangular cross-section and havi.-.c re- 
surfaces including a first surface, a seccr.d surface, 
tnird surface and a fourth surface, the first surface ceir 
flushed with one surface of a rer.ainir.c ccrticr — - - - 
inner lead having the sar.e thickness wirh the lead fra-s 
blank while being opposed to the second surface, and earn 
of the third and fourth surfaces having a concave sr.aze 
depressed toward the inside of the inner lead. 

According to another aspect cf the present invention, 
a se.T.ircncuctcr chip is received inward cf the inner leads, 
and electrodes (pads) cf the semiconductor chip are 
electrically connected to the inner leads through wires, 
respectively. According to another aspect of the present 
invention, the lead frarr.e has a die pad, and the 
ser.iccnductor chip is mounted ontc the die pad. According 
to another aspect cf the present invention, the lead frame 
dees not have a die pad, and the semiconductor chip is 
fastened to the inner leads using a rei-nforcing fastener 
tape. According to still another • aspect of the present 
invention, the semiconductor chip is fastened by means of 
insulating adhesive to the second surfaces of the inner 
leads on one surface thereof on which the electrodes are 
located, and the electrodes of the semiconductor chip are 
electrically connected to the first surfaces of the inner 
leads through wires, respectively. According to yet still 
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another aspect of the present invention, the seniccr.duct r- 
chip is fastened to the second surfaces cf the inner leads 
oy bur.pc thereby u be electrically connected to tne ir.ner 
leads. In the above descriptions, in the case zr.az tne 
terr.mal columns have lerminal per: 1.0ns which are arranced 
on top ends cf the terminal columns, with the terr.mal 
portions made cf solders, etc. an6 exposed to the outside 
beyond the resin encapsulate, while it is the norm that the 
terminal portions comprising the solders, etc. are exposed 
to tne outside beyond the resin encapsulate, it is not 
necessarily required for the terminal portions to be 
projected beycr.d the resin encapsulate. Moreover, while it 
is possible to use the outside surfaces of the terminal 
columns while they are not encapsulated by the resin 
encapsulate and they are exposed to the outside, the 
outside surfaces of the terminal columns which are not 
encapsulated by the resin encapsulate, can be covered by a 
protective frame using adhesive, etc. 

[WORKING FUNCTIONS) 

The resin-encapsulated semiconductor device in 
accordance with the present invention can. meet a demand for 
an increase in the number of terminals. At the same time, 
in the resin-encapsulated semiconductor device, because the 
forming process of the outer leads as in the case of using 
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a mono-layered iead frame shown < r , TZG. 12 lb: ■« 
required, it is possible to provide a se-icc.-.duct cr ~e — - 
in which no protlsc.., are caused in associate..-, wit 
pcsiticn shif. and colpianarity of the cuter leads. 
particularly, the use of a mult --pinned lead frame share 
in a r.anner that inner leads have a thickness less :.-. = .- 
that of the lead frame blank by a two-step ecchi.-.c crrcess, 
that is, the inner leads are arranged at a fine ci,cch, ca- 
meet a demand for an increase in the pin .-.umber cf r'-.» 
semiconductor oevice. further-ore, by using the lead frame 
which is fabricated by a two-step etching process as will 
be described later with reference to FI3. 1, the second 
surface cf each inner lead has copianarity, and is 
excellent in wire-bonding property. m addition, since the 
first surface of the inner lead is also a flat surface and 
the third and fourth surfaces are depressed toward the 
inside of the inner lead, the inner leads are stable and 
copianarity width upon wire bonding -process can be 
enlarged. 



(EMBODIMENTS) 

Embodiments of the resin-encapsulated semiconductor 
device in accordance with the present invention will now be 
described with reference to the attached drawings. First, 
a resin-encapsulated semiconductor device in accordance 
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with a first embodiment cf the present invent ion 
described hereinafter with reference to riGs. 1 
FIG. 1(a) is a crcss-sec.icr.al view of zr.e 
encapsulated semiconductor device acccrcinc tc the 
embodiment cf the present invention.. FIG. l:c) is a 
sectional view of an inner lead taken along the 1 1 r. < 
of :IG. 1(a), end FIG. 1(c) is a cross-sect icr.al vie 
terminal column taken along the line 51-52 cf .FIG . 
Moreover, FIG. 2(a) is a perspective view cf the 
encapsulated semiconductor device according zo the 
embodiment of the present invention, FIG. 2(b) is a 
view cf the resin-encapsulated semiconductor device o 
2(a), and FIG. 2(c) is a bottom view of the 
encapsulated semiconductor device of FIG. 2(a). In F 
and 2, a drawing reference numeral 1D0 represents a 
encapsulated semiconductor device, 110 a semiconc 
chip, 111 electrodes (pads), 120 wires, 130 a lead i 
121 inner leads, i31Aa a first surface, 131Ab a s 
surface, 231Ac a third surface, 131 Ad a fourth surface 
terminal columns, 133A terminal portions, 133B 
surfaces, I33S a top surface, 13S a die pad,, and 1 
resin encapsulate. 

In the resin-encapsulated semiconductor d« 
according to the first embodiment, as shown in FIG. 
the semiconductor chip 110 is placed inward of the : 
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lea « 121 As can be ».^< 

.5 con De reaci.y see- ;-wn FIG. - - 

c-.c p ..o - s mo . jr .- ed or ;he = . e ^ ^ _ 

-= "he ether £ _. ;a 
pais : :;2 : - 

r«: 



airfare there;: which is cppcsed 
thereof where the electrodes 



sen.icc-r.buctor chic 2:0 are arranoed.. £is , ele::::. 

:s *'-*cz:, z& n y ccr.r.ecze* to -e sere- surface 
= = the inner lead 131 £hroy5h ., e ^ ^ 

ejection between the res- .-.-encapsulate, sem< c--- 
=-t=e ICO of this embodiment and an externa' c - ....... . 

««.v.- by .cntinc the resin-encapsulatec semicc.-.duc--- 

=evi = e :o; vi £ the terminal o=~-~ s • , 5 . 

• "* --■>-• «c- bei.-.c made 

= f a se-i-sphencal solder, on a c - 

ec circuit substrate. 

— the ter.in.ai portions 233, loceted ea 8h- tep 

.225 C f the terminal columns 122, respectiveiv. ., e 
resin-encapsulated semiconductor device =f eh . fi _ 

embodiment cf the present invent i-- •- s ro , 

. - s not necessarily 

required to provide a protective f- a -ne 19- ,„h 

--ome i 3l, and instead, a 

structure, as shown in FIG . Kd>. ' n _ 

- .-. . -n w.ucn no protective 

frame is used can be adopted. 

The lead frame 230 used in the semiconductor device 
100 according to the first embodiment is made of a < 2 * 
nick Mm alley. Therefore, the lead frame a 30* w hicn 
a contour „ shown in „«. 8nd is shaped by an 

etching process, is used as the lead frame 230. The lead 
frame 130 has inner leads 13! which are shaped to have a 
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thickness less than that of the terminal column* . 
other portions. Cam bars 15c serve as a car. w r - 
encapsulating the semiconductor chip no with = -o S .- 
Moreover, although the lead fra-e IjCA which is - rrres5e 
by etching to have the ccntcjr as show- • - r-- - 
-sea in. this embodiment , -.he lead frame is not limrted :: 
such a cc.-.tcur because portions except the inner leads 131 
and Che terminal columns 133 are r.ot necessary. -The inner 
leads 131 have a thickness cf <C Cm whereas the portions 
of the lead frame 130 ether than the inner leads 131 have a 
thickness cf C.15 mm which :crresp:r.cs to the thickness of 
the lead frame blank. The ether portions cf the lead frame 
130 except the inner leads 131 may not have the thickness 
cf 0.15 mm, but have a thickness cf 0.125 mm-0.50 mm which 
is thinner. The tips cf the inner leads 131 have a smell 
pitch of 0.12 mm so as to achieve an increase in the number 
of terminals for semiconductor devices. The second face 
131Ab of the inner lead 131 has a substantially fiat 
profile so as to allow an easy wire boding thereon. Also, 
as shown in FIG. Kb), because the third and fourth faces 
131Ac and 131Ad have a concave shape which is depressed 
toward the inside of the associated inner lead, a high 
strength can be obtained even though the second face (wire 
bonding surface) 131Ab is narrowed. 

In the present embodiment, since twisting does not 
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occur in the inner leads 121 irrespective of whetr.er 
'•inner leads 131 is long or not. The inner leads havi.-.r t: 
contour, ft: shown in FIG. 9 (a,, in which the tics cf 
inner leads 121 are separated one fro- a.-.ct.-.er, 
prepared by the etching process, and the inner leacs =.- 
resin-encapsuleted after mounting the se.t.r conduct :: chi 
therecn as will be described later. However, where th 
inner leads 131 are long in their length and have , 
tendency fcr the generation zz twisting therein. it < « 
i-pcssible to fabricate the lead fra.-r.e by etching to have 
the contour as shown in FIG. 5;a). Therefore, after 
etching the lead frame in a state where the tips of the 
inner leads ere fixed to the connecting portion 2 313 as 
shown in FIG. 9(0(0, the inner leads 1-1 ere fixed with 
the reinforcing tape 160 as shown in FIG. 9(c)(0). The.-., 
the connecting portions 1313 ^-zr. are not necessary in the 
fabrication of the resin-encapsulated semiconductor device 
are removed by a press as shown in FIG. 9(c) CM, and a 
semiconductor device is then mounted on the lead frame. 

Hereinafter, a method for the fabrication of the 
resir.-er.capsuiated semiconductor device will now be 
described with reference to FIG. 6. First, the lead frame 
130A, as shown in FIG. 9(a), which is shaped by the etching 
process as will be described later, is prepared such that 
the second surfaces 131Ab of the inner leads 131 are 
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directed upward (FIG. eta)). 

Then, the semicor.ductcr chip lie is mounted or.-.= 
die pad 125 such tr.at the surfaces of the se -; :: ^.... 
chip 120 on which the electees 111 £re arrange. [ 
directed upward { FIG . 3(b)). 

Next, after the semiconductor chip no i s fastea 
onto the die pad 125, the electrodes 111 c: - 

semiconductor chio lie aid -*•« «... „„• - * 

• &n3 seccna surfaces 13l«b cf th- 

inner leads 131 are bonded with each ether -.-sing wires 11 

,*f:g. £(c)). 

Subsequently, encapsulate is carried cut with the 
conventional resin encapsulate U0 . Thereafter, 
unnecessary portions of the lead frame 230 which are 
protruded fro;, the resin encapsulate 2<0 are cut by a press 
to -era terminal columns 133 and also the side surfaces 
1333 cf ^he terminal columns 233 :F2G. 8(d)). 

Then, the dam bars 226, the frame portions 237, etc. 
of the lead frame 130A as shown in. FIG. '9 are removed. 
Next, the terminal portions 133a' each made of the semi- 
spherical solder are arranged on the outer surface of each 
terminal column 133 to fabricate a resin-encapsulated 
semiconductor device (FIG. 6(e)). 

Thereafter, the protective frame 180 is arranged by 
»ear.s of adhesive around an entire outer surface of the 
resultant structure in such a manner that the side surfaces 
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c: the terminal columns 123 are covered therebv r:z 
B:f5J. At this time, the protective frame 1 = 0 fur.cticr.s t 
reinforce the semiconductor device. In ether -..crds, :ne 
protective frame 16C serves :: prevent moisture :r:m 
leaking into a cap between the res; n encapsulate ' ar.c tr.e 
terminal columns cue to the fact the sice surfaces : : 

the terminal columns are exposed to the outside, wherery a 
crack is not formed in the semiconductor device and the 
breakage of the semiconductor device is avciced. However, 
persons skilled in the art will readily appreciate that it 
is not necessarily required to pre vide the protective frame 
1:1. Also, when such an encapsulating process by the resin 
is carried out using a desirec mold, the encapsulating 
process is implemented m a state wherein the outer side 
surfaces of the terminal columns of the lead frame are 
somewhat protruded out of the resin encapsulate. 

A method for etching the lead frame of the first 
embodiment will now be described in conjunction with the 
attached drawings. FIG. 11 ' is of cross-sectional views 
respectively illustrating sequential steps of the etching 
process for the lead frame of the first embodiment. In 
particular, the cross-sect icnai views of FIG. 1 correspond 
to a cross section taken along the line D1-D2 of FIG. 9(a). 
In FIG . 11, the reference numeral 1110 denotes a lead frame 
blank, 1120A and 1120B resist patterns, 1130 first opening, 
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1140 second openings, 2 1 5C first concave portions, lie 
second concave portions, 2170 flat surfaces, and 1 2 r C a: 
etch-resistant layer. first, a wate."-scluble casein resis: 
using potassium dichrorr.ate as a sensitive agent is crated 
ever both surfaces of the lead frame clank Hi: r.ade r: = 
42* nickel- iron alloy and having a thickness cf about 2.25 
mm. Using desired pattern plates, the resist films are 
patterned to form resist patterns 1 12CA and 1 12-C3 having 
first opening 1130 and second openings 1140, respectively 
irZS. 11(a)). 

The first opening 1130 is adapted to etch the lead 
frame blank 1110 to have a flat etched bottom surface to a 
thickness smaller than that cf the lead frame blank 1110 in 
a subsequent process. The second openings 1140 are adapted 
to form desired shapes of tips cf inner leads. Although 
the first opening 1130 includes at least an area forming 
the tips of the inner leads 1 11C, a topology generated by 
partially thinned portion by etching" in a subsequent 
process can cause hindrance in a taping process or a 
clamping process for fixing the leed frame. Thus, an area 
to be etched needs to be large without being limited to 
fine portions of the tips of the inner leads. Thereafter, 
both surfaces of the lead frame blank 1110 formed with the 
resist patterns are etched using a AS 3e 1 ferric chloride 
solution of a temperature of 5*7^ at a spray pressure of 
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2.5 k=/cnr\ 7he e:chi., 9 Proc „ f :s :er , ; , a:ec . £; 
of tioe when firs: recesses ::50 etched 
e-.c,ed botton, surface „.„. a depth h correspond..-.; 5 \: 
= ^.e .thi^-ess cf the lead fra- e clank 
Although both surfaces cf 

-ecw - . =... ° r ::: 

£ e Si ----*.ieous:y etched i~ -, e pri - ary eceh.r.e ~c 

- ^ net necessary to simultaneously etch both surfaces-' 
'•^ fr8 -" ne Mank ni0 ' «»• -"—on w hy both surfaces c> 

lead fra*e blank HID are simultaneously etched, as in 
this e-bodirr.er.t, is to reduce the etchi.-.e tirr.e taken 
secondary etching process as will be described later. The 
— •I tt,.e taken for the pr:r,: : , . nd S€C o.-.dary etchino 
P-cesses rs less than that taken i, the case cf etching e - 
«iy one surface cf the lead fra.e blank cn which - e 
-sist pattern „„. is formed. Subsequently, the surfae- 
P-ided with the first recesses :: 50 respectively etched 
- frrst opening 2130 is entirely coated with an 

etch-resistant hot-melt wax (acidic wax type MR - WB6 , The 

layer mo so a, to fill up th . first recesses mo ^ , q 

cover the resist pattern 1120A (TIG. l i(C ),. 

:= is not necessary to coat the etch-resistant laye^ 
2280 ever the entire portion of the surface provided w ith 
=he resist pattern U20A. However, it is preferred that 
the etch-resistant layer 2280 be coated over the entire 
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pcrticr. of the surface formed with the first recess 
and first opening 1:30, as shown ir . "3. : •■: = ;, ce:i 
is difficult to coat tr.e etch-res^ta.-.t layer :: = •: : 
the surface portion ir.cl-jdi.-5 the first recesses 
Althcuch the etch-resistant layer 11 = 0 we* employer ; 
embodiment is an a 1 ka 1 i -sol _ble wax, any suitarl 
resista.-.t to the etching action of the etchant soiutt: 
remaining somewhat soft during etching may be used, 
for forming the etch-resistant layer 11E0 is .-.ct limit 
the above -mentioned wax. but -ay be a wax of a jv-se 
type. Since each first recess 11=0 etched by the pr 
etching process at the surface formed with the pa 
adapted to fern a desired sr.ace of the inner lead t: 
filled up with the etch-resis ta.-.t layer 1180, it is 
further etched in the following secondary etching croc 
The etch-resistant layer 11S0 also enhances the mechar 
strength of the lead frame clan* for the second etc 
process, thereby enabling the second etching process t. 
conducted while keeping a high accuracy. it is 

possible to enable a second etchant solution to be spr. 
at an increased spraying pressure, for example, 2.5 kg 
or above, in the secondary etching process. The incred 
spraying pressure promotes the progress of etching in 
direction of the thickness of the lead frame blank in 
secondary etching process. Then, the lead frame blank 
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subjected to a secondary e:ch:r.c process. In. i.-;s 
secondary etching process, the lead frame blar.> Lli: ;s 
etched at its surface formed wit.n firs: recesses llj. 
havinc a fiat etched bettor. surface, : z rtr.cletr ly 
perforate the second recesses 116C, thereby fcrmir.c 
tips cf inner leads 131A {TIG. 11. z) ) . 

The bottom surface 1170 cf each recess formed by the 
primary etching process is flat. However, both sidf 
surfaces cf each recess positioned at opposite sides of the 
better, surface 1170 have a concave shape depressed toward 
the inside cf the inner lead. Then, the lead frame blank 
is cleaned. After completion cf the cleaning process, the 
etch-resistant layer 1180, and resist films (resist 
patterns 1120A and 11203) are sequentially removed. Thus, 
a lead frame 130A having a structure of TIG. 9(a) is 
obtained in which tips of the inner leads 131A are arranged 
at a fine pitch. The removal cf the etch-resistant layer 
1180 and resist films (resist patterns U20A and 1120B) is 
achieved using a sodium hydroxide solution serving to 

dissolve them. 

The processes for manufacturing the iead frame as 
shown in FIG. 11, is to form by means of etching the lead 
frame having the tips of the inner leads used in this 
embodiment of the present invention, which have a thickness 
less than that of the lead frame. Especially, the first 
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surfaces I31Aa of the sip. of the inner leads as show., ; 

TIG. are flushed with one surfaces of rema----,- 

of cne inner Isads having the sar..e thickness wi-.h the ■ ■ - 

fra-e while being oppose* tc the second s-j-*a-.« 

" * c .-.c , 5 r. 

the third and fourth surfaces are formed tc nave a rrnrava 
shape which is depressed toward the inside cf th« 
leads. Where a semiconductor chip is mounted on the serene 
surfaces 131Ab of the inner leads by means of bumps for an 
electrical connection therebetween, as in a semiconductor 
=evc=e according to a third embodiment as wrll ce deserved 
hereinafter, an increased tolerance for the connection by 
sumps is obtained when the second surface » :Ab has \ 
concave shape depressed toward the inside of the inner 
lead. To this end, an etching method shown in FIG. 12 is 
adopted in this case. The etching method shown in FIG. 12 
is the same as that of FIG. 11 in association with its 
primary etching process. After completion of the primary 
etching process, the etching method is c6nd UC ted in a 
manner different from that of the etching method of FIG. 11 
in that the second etching process is conduced at the side 
of the first recesses 1150 after filling up the second 
recesses 1160 by the etch-resist layer 1280. tne reby 
completely perforating the second recesses 1160. At this 
time, by implementing the primary etching process, etching 
at the side of the second openings 1140 is performed in a 
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sufficient manner. The cross section of each i-.-.e- * £ - 
inciucing its tip, formed i r . cc::::an:e with -.; 
m^tnod of FIG. 12, has a concave sr.ape cepressed 
inside of the inner lead at the serene s~r:s:* ::iAc. - 
shown in FIG. 6 !b) . 

The etching method in which the errhir.r rrcr^cc •= 
conducted at two separate steps, respective--, £s t - -, £ - 
cf FIGs. 12 and 12, is generally called a "tve-step etching 
method". This etching method is advantages ir, that a 
desired fineness can be obtained. The etching method used 
to fabricate the lead frame 13IA if the first embodiment 
shown, in FIG. 5 involves the twe-step etching method and 
the method for forming a desired sr.ace of each lead frame 
portion while reducing the thickness of each pattern 
formed. : n particular, the etching method * akes it 
possible to achieve a desired fineness. In accordance with 
the method illustrated in FIGs. 11 and 12, the fineness of 
the tip of each inner lead 131A formed by. this method is 
dependent on the shape of the second recesses 1160 and the 
thickness t of the inner lead tip which is finally 
obtained. Tor example, where the blank has a thickness t 
reduced to 50 Dm. the inner leads can have a fineness 
corresponding to a lead width Wl of 100 Dm and a tip 
pitch p of 0.15 mm, as shown in FIG . 11(e). In the case of 
using a small blank thickness t of about 30 Dm and a lead 
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width Wl pf 70 Dir., it is possible to fern inner 
having a fineness corresponding to an inner lead c * - c - - - 
0.12 ..\t. Of course, it rr.ay be possible to fcrr. inner _e - - 
having a further reduced tip pitch by adjustinr tne rlar 
thickness t and the lead width w: . Z'r.az is to sav, 
inner lead tip pitch p up to 0.08 r-., a blank thickness j; 
to 25 Dm , and a lead width Wl up to AO Cm can ce 
obtained. 

In the case where twisting of the inner leads does not 
occur in the fabricating process, as in the case where the 
inner leads are short in their length, a lead frame 
illustrated in FIG. 9(a) can be directly obtained. 
However, where the inner leads are long in length as 
compared to those of the first embodiment, the inner leads 
have tendency for the generation of twisting. Thus, in this 
case, the lead frame is obtained by etching in a state 
where the tips of the inner leads are bound to each other 
by a connecting member 1323 as shown -in FIG. 9(c) (*f>. 
Then, the connecting member 1313 which is not necessary for 
the fabrication of a semiconductor package is cut off by 
means of a pzess to obtain a lead frame shaped as shown in 
FIG. 9(a). 

Moreover, as described above, where unnecessary 
portions in a structure shown in FIG. 9(c) (<) are cut to 
obtain the lead frame having the contour shown in FIG. 
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?.f ». a .reinforcing tape l£C a pelyir-id. 
generally used, as shown i, r:s . i; = 5: „ ; ^.'.j 
ejecting menber 1313 is cut off by DM .„ cf . 7 

=it2in th£ - = . :-c o ; . £ ser,c = ,,ur::- 

=>'•'• ce is counted or. :h e leac f :&r9 5 -.-, 

--einforci.no tape attached therei ,. ..^ Sh- '"^J* 
ser.iocr.duc-. or device is encapsulated Wlt , , & 

condition where the lead frar.- • - ac .• 

- cS --e '-ape. r.h- 

line Z11-E12 illustrates a cut portion. 

The ti? = ; -;-e i r . r . er leas -.- .... . , 

-- .eco :ra-e used 

-31.-. has an etched "s- <-■■_-- _ „ 

s... c ce ssecc.-.d surface) i3 iAb 

which is substantial ' v -"a- : - - , * 

y c — --s-efore has a width wi 

s_i?htly greater than the wid-'- w~ -* 

opposite surface. 

The widens Wl and W2 (abo— • -st- n-,. - 

" ^ are .xore than the 

width K at the central porcion cf the tips w he n viewed in 
th. direction of the inner lead thickness-. Thus, che tip 
of the inner lead has a cross-sectional shape having 
opposite wide surfaces. To this end. although either of 
th. opposite surfaces of the top 131A can be easily 
electrically connected to a semiconductor device (not 
shown, by a wi re 220A or ^ 

the use of the etched flat surface for wi re - bo ndin g as 
shown in ric. 13,0,,.,. In riG . 13. . reference nymeral 
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131Ab depicts an etched flat surface, 131Aa a surfcte : : ^ 
lead frame blank, and 121A and 1215, respectively, ? clstec 
portion. in the case of :1Z. 13.3; . a ; , there has 
particularly excellent in wire-bcr.dir.c crrperty, cera.se 
the etched flat surface does net have roughness . TZ Z . 
13 {'S shows that the tip 13315 cf the inner lead cf tne 
lead frame fabricated according to the process illustrated 
in FIG. 14 is wire-bonded to a semiconductor device. In 
this case, however, both the eppesite surfaces cf the ;:c 
1221B cf the inner lead are flat, but have a width smaller 
than that in a direction of the inner lead thickness. In 
addition to this, as both the eppesite surfaces of the tip 
13315 is formed of surfaces cf the lead frame blank, these 
surfaces have an inferior wire-bonding property as compared 
to that cf the etched flat surface of this first 
embodiment. TIG. 13 (- ) shews that the inner lead tip 
1331C or 1331D, obtained by thinning in its thickness by a 
means cf a press (coining) and then by etching, is wire- 
bonded to a semiconductor device (not shown); In this 
case, however, a pressed surface cf the inner lead tip is 
not flat as shown FIG. 13(-). Thus, the wire-bonding on 
either of the opposite surfaces as shown in FIG. 13(-)(a) 
or FIG. 13(-)(b) often results in an insufficient wire- 
bonding stability and a problematic quality. The drawing 
reference numeral 1331Ab represents a coining surface. 
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A modified example of ;h e resir.-enca-«-' 
semiconductor device in accordance W ;;- --c 
embodiment of the present invent icr. wi-i cescnr- 
i-.erei.-.after. FZGs. 2(a) through Z-:e* . :ra :r:js- = e:::: = 
views cf the modified example of the res:.-.-e.-.rac«-- - 
semiconductor device in accordance W ;;.-, -- e --.- s - 

embodiment cf one present invention. r-e ser.-' : 

device of the modified example as shown in FZZ. 3; a ), 1S 
different from that of the first embcdimer.t in that a 

position of the die cad 135 • s = 

• - i _..s.._e„, . .*. c . is, - r. e cie 

pad 135 is exposed to the outside. = y the fact that the 

die cad 1-5 is exposed to the outside, the heat dissipation 

property is improved as compared to the first embodiment. 

Also, in the semiconductor device of the modified example 

as shown in FIG. 3(b), because the die pad 135 is exposed 

to the outside, the heat dissipation property is improved 

as compared to the first embodiment. IT.iike the first 

embodiment or the modified example as shown- in FIG. 3(a), 

in the present modified example as shown in FIG. 3(b), 

because a direction of the semiconductor device 110 is 

changed, the first surfaces cf the lead frame are 

established as the wire bonding surfaces. The modified 

examples as shown in FIGs. 3(c), 3(d) and 3(e), illustrate 

semiconductor devices which are obtained by modifying the 

semiconductor devices of the first embodiment, the modified 



example as shown in FIG. 3 (a, and the modified examcle 
shown in riS. 3(b), wherein the semi -spherical solders a_. 
net used, and instead, the rep surfaces cf teina 
colons are directly used as the terminal pcrtic-.s. ,,,erec 
£- entire manufacturing procedure can be sim?;-^:. 

!:ex: ' s -""in-encapsulated semiconductor device :r 
eccrrdar.ee with a second embodiment cf the oresent 
invention will be described. FIG. < (8) a '"^ 

sectional view of the resin-enca P sulated semiconbuct =r 
=evi= e ir . accordance with the second embodiment cf the 
Present invention, FIG. < ( b, i S & cress-sectional view 
ill.stratmo inner leads, taken along the line A3-A4 of 
KG. and FIG. < , = , - s a cross-sectional view 

illustrating a terminal column, taken along the line B3-3< 
riS. <(a>. Because an outer appearance of the 
semiconductor device of the second embodiment is 
substantially the same as that cf the first embodiment, it 
is not illustrated in the drawings. In FIG." 3, the drawing 
reference numeral 200 represents a semiconductor device, 
210 a semiconductor chip, 211 electrodes (pads,, 220 w ire s, 
230 a lead frame, 231 inner leads, 23!Ab a second surface, 
231Ac a third surface, 231Ad a fourth surface, 233 terminal 
columns. 233A terminal portions, 233B side surfaces, 233S 
top surfaces, 240 a resin encapsulate. and 270 a 
reinforcing fastener tape. In the semiconductor device of 
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this second embodiment, the lead frame 230 does net 

^e pad, the semiconductor chi ? 2se «, ; „. tr J\'_ . 

inner leads 231 oy the rei.nf crci.-.c fa.tener 

the semiconductor chic 220 is — 

- v —-netted £: lt 

electrodes (cads) 222 to the . e — - «.._,. 

-e . s_rraces 23l.-.d f 

inner 2eads 23i by wires 220. .,; sc , in :hg ^ ... 
second embodiment, similarly to the first embodiment, Z 

electrical connection betwe-r 

e - r — e -esin-encecsulated 
semiconductor device 200 of this e-^-^. r - • 

men. £.-.c an exte--*i 

circuit is achieved by mo------ 

y = r ... e resin-encapsulated 

semiconductor device 20C v* - u = 

- c -« -ermmal portions 233A 
each being made of a semi-so---- „„i.. 

s? a. solder, on a printed 

circuit substrate, with 

.e.m... c . portions 233A located 

on the top surfaces 232S of : u, r.-..-,, 

-••e ue.m_r.al columns 233, 

respectively. 

In addition, the semiconductor device of -m 

JBVlce 01 --his second 

embodiment does not have a d-'e -ad 

o-e ..c as snown in riCs. 10(a) 

— io,b,. rn. ».„„ fic!uria , „ ethodof th . semieonducter 
«.vi=. of thi. embodiment , sla , th . lMd f „ ne '. 230A which 
1. sh.p.d by t h. . tchi „, procejs is subst>ntSiiny ^ 
« «... of th. first eteodi ,. n: exce?t chjti whut ^ 
=.s. o f th. flrIt emiod ,„ e „ : , :iw uire bonjiin9 ^ ^ sj ^ 
resin ene.psuj.tin, proce „ ... ^ # 

wherein -.he semiconductor chi ? is ,.„.„.„ ,„ ^ 
le.ds. in th. case of th. s «ond embodiment, th. wire 



S»lSO vl 



33 



bonding process a „ d . 
•" :sne - together with 

"' - ftRtr Ie ^ s 23: by the 

...... .astener tape 2 ?0. a:«. the 

. B 

^.p^e.T.er.ted in the same wav 

lead mo ' C " er - bC - i " e " " ' Ti* 

-e.,e ,30 as shown la ?IG> , 

va; - s retained in - u p 

*: "T * — - - - , 

s.-ucture obtained after et---~ - 

r- .,. „ *- *s shown in 

the contour as • • - 

S s -- u -"- i."> TIG. iota) ic 

octained. At cnis ° UJ is 

reinforcing 

-as.e.er tape 260 (the polvi-id- -a-*e> • 

' ?) 8S SROWa in FIG. 

*0(O (O,. which -, r re .-^_. . . 

~-—<3 Unction is used. 

• 5(a) throuah 5f-r - 

ou 9« M-J ore cross-sectional views 
-^s-.rarir.g edified exanoles o* 

• °" ~ ne semiconductor device 
c - -he second embodimenr T1 . 

ent - The semiconductor device as 
shown in FIG. 5 (a, is different Tom th 
. . C * rom the semiconductor 

^vice of the second embodiment, in t^at -he s . 

n c - at '• ne surface of the 
semiconductor chip thereof which has th. i 

a nas the electrodes is 
d-rected downward. The modified ex 8 ,n-« 

-- ed examp.es as shown in FIGs. 

o(o) and 5(c), < liu** 

USt " te "-"nductor devices wnich are 
obtained by modi f vino fhfl 

»-y*ng the semiconductor devices of the 

second embodiment and the modified examnl. . k 

° example as shown in FIG. 
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instead, the top surfaces of -.he terrr.i.-.e: " 

Erectly ,seo as the terminal portions. - ' • " 

-ra.se a protective frac . is , s: , $e , _ ... 

s-rfares 2255 of the terminal „. . . 

^ ^ - J ere ex::co - - 

--he outside, a checking operatic, by a test, etc.' 

easily performed. 

K.r.<„. t: .... . r., i .-.-.„.p. u ;,... d 

" ieU "*»»•«•. l ™ ,,e 

° f 6 ' fc1 ' — « =-r .PP...-,,,. of 5h . 

" ,::S * :5: d8Vi " « -.Hi.-, ^ is 

is not illustrated in the drawnos in r-~ ' c - w 

-ngs. m Fx*. 6, the drawing 

reference numeral 300 represents a semiconductor device 

310 a semiconductor chip, 212 bu ., os , 33Q a ^ ^ ^ 

inner leads, 331Aa a first sur'ace 335 ah 

sur.ace, 331Ab a second surface, 

331Ac a third surface , » 

-ace, 33,Ad a fourth surface, 333 terminal 

columns. 333A terminal portions. 333B side surfaces. 333S 
top surfaces, 3,0 . resin encapsulate, and 350 a 
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reinforcing fastener tape . he 

pe " - he semiconductor cev-- 

"-his" third " embodiment. the se-r--^ 

,e sen - ., ronc-jctcr chic - • * 

fastened to the second 3 U .-.' 4 o es iy.i t .. ..„. 

"' - — 4 :«i = s 

... cy busp , 311 . f ,.., by ^ , : . e . ri . i; . v ^ 

- seco,d sur -«« s „ iab . r , e :eai ;r6r ;- 

:S::tt: " sh °"" in .no »»... w, ;=h ., 

=y --h. . :=hla „ proc ,„ e; r .. ;; , s _ 

""^ «* «>* Mm ICO D»,"«'« s 

>»„„ .n=. of th. .„„... : .. a , M: .... . 1=e . ; 

.id-.h « s -. . p. lsi e 5 in . -.,,0^.,,^,. iir , etica _ 

--« := t.-.o ;. C t -.h.o the second sorfsce, 23;*b =j the s ,, er 

^ th. inn,.- 

* 8d SUtfa " S 33:i ' ' « ««. • „«.„.,. 

=on ho cdcain.d. «... u ,„ tS . ,. eeBd JJ1W> q( 

in.-...- X.... 33, .„ ==aae=:ed ^ 

«o.i=cn.doccoo chip vi. Dun , ?s . ,„ y cjn ^ 

.cooo.plish.d shown in ri«. _ :„o, , b) . furth . r , in t „, 

case of this third embodi-nen- a* i„ ' 

as in ihe «s» of the first 

and second embodiments, the electrical connection between 
the resin-encapsulated semiconductor device 300 of this 

embodiment and an external circuit is aOi.v.n k 

>-"-- -s achieved by mounting 

th. .-.si„-.„oo pS ol,t.d semiconductor d.vio. 300 vi. th. 
tor,i., al portions 333A ..ch oein, „. d . of . s. mi -spn. rical 
■did..-, on . ptint .d circuit substrate , wUh terninii 
Prions 333* ioo.t.d on th. top s , rflces of ..^ 
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columns 333, respectively. 

In addition, unlike the semiconductor device c-' -- 

iirst efr.bodiir.ent, the semiconductor device or this 

embodiment uses a lead frame which is shaped bv -.he e 

process as shown in FIG. 12. However, the -a.-.ufac 

method of the semiconductor device of this embed- - 
substantially the same as that of the first embodiment 
except that, while in the case of the first embodiment, the 
wire bonding process and resin er.capsu 1 at in? zzzzess are 
perfcrmec in a state wherein the semiconductor chip , s 
fastened to the inner leads, in the case of this third 
embodiment. the wire bonding process and resin 
encapsulating process are performed in a state wherein the 
semiconductor chip 310 is fastened to the inner leads 331 
via the bumps. Also, the cutting process for the 
unnecessary portions and the terminal portion forming 
process after resin encapsulating process are implemented 
in the same way as the first embodiment. 

FIG. 6(d) is a cross-sectional view illustrating a 
modified example of the semiconductor device in accordance 
with the third embodiment of the present invention. m the 
modified example of the semiconductor device as shown in 
FIG. 6(d), the terminal portions each comprising the semi- 
spherical solder are not provided, and the top surfaces of 
the terminal columns are directly used as the terminal 
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■ portions. Because the protect- v '~ a ~ e 

- - - e.^e .s ,,o, usee ar.: : 

side surfaces 3333 of the ter.T.ir.a< ~ 0 '- — , 

to the oacaiae. a checking operation by a -.est, etc. 

easily performed. 

r.eremaf ter, a resir-^n-^^M - -.^ 

"'-cp^j.o.ec s err. • — . . . _ _ ^ 

-vie i„ accordance with a ;osirth ,^ diMS "^r^ 
present invention will be describee. riG. 7 U > it a .„„ 

sectional view of the resin iMula .., 

• — -epsma.e: semi conduct" 

device of the fourth ensboS'*-— - r-r - t . 

-fo: is a cress 

sectional view iilustratino ----- . . 

- - ea - s < tsxen along the 

line A7-Ae of riG. 7(a), and FIG. 7< c > ' s a 

lw) " s ° -rcss-sectionai 

v^< ;::=.:.•.-.:„ , „.-*<,.: „:,.-„,, a , or . ;Se , ^ 

n-n * „ e . „„,. „„.„,. aa ou; . r a , pearan=e ef the 

'*' : " :i ' n ' the — " «■»« =- «■» «»« it 

is not illustrated in the drawir.-s r Tr - w 

-« -.-s. .n sic. i, the drawing 

reference numeral . <00 represents a semiconductor device, 
410 a semiconductor chip, m pads , O0 a . lM(J £rame> ^ 
inner leads, «3l Aa a first surface, OlAb a second surface, 
«31Ac a third surface, « 1Ad a fourth surface, <33 terminal 
columns, 433A terminal portions, <333 side surfaces, «33S 
=o P surfaces, «o a resin encapsulate, and <7 0 insulating 
adhesive. m the semiconductor device of this fourth 
embodiment, one surface of the semiconductor chip 410 on 
which the pads 4 u are disposed is fastened to the second 
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surfaces 431Ab of the .oner leads 431 by the in- 
adhesive 470, and the pads 411 er . s the firs; sj-'a-.c 
o: the .r.ner leads 431 are eiec.r.caliy co.n.-.ecceo ,-,.h 
ether by wires 420. The semi ccnducccr device rf 
fourth embodiment uses the sarr.e lead --a-o 
" hS " hir - •••"bcdiatnt. which has -.he contour as shew: 
FI3. 10(a) and 10(b). Also, in the case cf this fc 
embodiment, as in the case of the first and se: 
er.bodimer.ts, the electrical connection between the res 
encapsulated semiconductor device 400 of this embodin 
and an external circuit is achieved by mounting the res 
encapsulated semiconductor device 4C0 via the cerni- 
portions 433A each being mace of a semi-spherical sold, 
on a printed circuit substrate, with the terminal portic 
433A located on the top surfaces of the terminal colun 
433, respectively. 

FIG. 7(d) is a cross-sectional view illustrating 
modified example of the semiconductor device in accordanc 
with the fourth embodiment of the present invention. • 
the modified example of the semiconductor device as shov 
in FIG. 7(d), the terminal portions each comprising th 
semi-spherical solder are not provided. and the to. 
surfaces of the terminal columns are directly used as th. 
terminal portions. Because the protective frame is not 
used and the side surfaces 433B of the terminal columns 431 
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are exposed to the outside a 

' * c -«c-i--.3 operation bv - - 
«c can be easily performed. 

ncrs or 7H£ invention; 

~ he P-esent invention ■ 

c -~waps j_a:e; 

se..._.cnouctor device emoloy-c -• ' 

. . , — .ea .eac 

-s capable of ~e^- - - - - 

_ c cema.-.d f cr - ^ g 

increased terminal number. -...„„„_ 

=re ' =:-e resin- 

e^capsuiated semiconductor device 

""* 0 - =cr =snce wish ... s " 
— -er.ticn does not reouire a „ - 

»-°-*-« ei cutting or be— 

Sa " bars as i" case of ~ a <„ a - 

. w """ c - 6c - :r ««e havino 
e5ds £s shown in 

. ... s a result of - Vs 

-'"^-encapsulated semiconductor dev- e do. 

a~.si — • "- e doe « not have a 

P-b.em la th « the OUCer 

, or a problem 

w " wo cnese 

~ ne -esi.i-encepsularec c e -^^ 
a sh a ~o • • '■■"** ° nauccor Q 'evice has 

a snor.eneo interconnection leno- - s ^ 

o- -e SGA k compared to the OTP 

- - thereby the semiconductor device can be reduced 

W « parasitic capacity «k 
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